Multi Objective Optimization Method by PSO  by Biswas, D.K. et al.
 Procedia Materials Science  6 ( 2014 )  1815 – 1822 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET)
doi: 10.1016/j.mspro.2014.07.212 
ScienceDirect
3rd International Conference on Materials Processing and Characterisation (ICMPC 2014) 
Multi Objective Optimization Method by PSO 
D. K. Biswasa, S. C. Panjab, S. Guhac* 
aWomen’s Polytechnic, 1/1/2, Garihata Road[S], Jodhpurpark, Kolkata-700068, India 
b,c Jadavpur Univercity, Raja S C Mallick Road, Kolkata-700032, India 
Abstract 
The use of transportation network (TN) has been rapidly increasing in order to communication, transportation, etc and provides 
low cost and less time to access to the desired location from distant location. The Reliability and cost of these TNs are important 
and are largely determined by network topology. Network topology consists of nodes (places) and the links (paths) between 
nodes. The selection of optimal network topology (ONT) is NP-hard combinatorial problem so that the classical enumeration 
based method grows exponentially with network size. In this paper, a heuristic search algorithm inspired by evolutionary method 
is presented to solve the all-terminal network design problem when considering cost and reliability. The PSO algorithm is 
considerably enhanced over conventional implementations to improve effectiveness and efficiency for reliability and cost to 
optimize.    
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
Design of networks topology considering system reliability constraint or optimization has been the subject of many 
research efforts and has applications in transportation network (TN) and related domains in electric, gas and sewer 
networks. All terminal network reliability is calculated from the probability that each and every node in the network 
is connected to each other. This is distinguished from more common source-sink (s-t) network where reliability is 
measured from the probability that the source is connected with the sink. Design of networks considering all-
terminal reliability, along with other objectives or constrains eg cost, distance, node, etc is NP-hard combinatorial 
problems when the design is selected from a set of available components with known specifications by M. R. Garey 
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et al (1979). The traditional methods such as optimization by calculus method, simplex method, branch and bound 
(BB) method, dynamic Programming (DP) etc are not used as these methods are deterministic as well as exact. The 
parameters used in this paper for PSO are stochastic in reality.  In this paper research has been done how to 
minimize cost and maximize system reliability so the parameters regarding PSO and the individual reliability of unit 
constitute the system is to be set. The reliability and the cost are optimized by PSO. The other heuristic method 
genetic algorithm (GA), artificial neural network (ANN), NP-hard, tabu search (TS), ant colony optimization (ACO) 
are not used in this paper because this heuristic method, PSO is more flexible than other method and it is robust, 
stochastic and simple to compute by D. K. Biswas et al (2013). PSO is also a method which is used for continuous 
global optimization.  
This problem has been studied with enumerative-based and heuristic methods. Y.C.Chopra el al (1982) and 
Aggarwal el al (1982) used greedy heuristic approaches for minimizing cost subject to a reliability constraint. 
Venetsanopoulos & Sing (1986) used a 2-step heuristic for minimizing cost subject to a reliability constraint. Jan el 
al (1993) developed an algorithm using decomposition based on branched-bound to minimize link costs with a 
minimum network reliability constraint; this is computationally tractable for fully connected networks up to 12 
nodes. GA has recently been used in combinatorial optimization approach to reliable design, mainly for series-
parallel systems. For network design, Kumar el al (1995) developed a GA considering diameter, distance, and 
reliability to design & expand computer network. Deeter & Smith (1996) presented a GA for a generalized network 
design problem with alternative link reliability. Darren L. Deeter el al (1997) developed heuristic optimization of 
Network design considering all-terminal reliability. Huang el al (2005) presented a multiobjective optimization 
method to reliability optimization.  
This paper presents a heuristic approach to design of transportation network (TN) considering all-terminal system 
reliability with reliability constraint. It is assumed that all nodes are perfectly reliable and are fixed. Each pair of 
nodes can be connected by a single link (path), which is bi-directional and has a stated reliability and cost. Links fail 
independently, and the system fails if any node is not connected, through some path, to any other (ie the network 
does not form at least a spanning tree). In this paper the optimization is carried out by two ways: one the reliability is 
optimized to maximum where as the cost is minimized which is done by PSO method. 
 
Nomenclature 
 rC  The cost value under r 
r  The reliability of ith component                
cr  The constrains of lower bound of the ith component                
cR          The constrain of lower bound of the system reliability  rR       The exact system reliability value under r 
ijx  The state of link (i, j) 
)(XP    The probability that the variable has the state ijx  
)(X)     The structure function 
 
2. Methodology 
The problem stated below: 
   
Optimize   rC ,  rR  (1) 
Such that    cRrR t  (2) 
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2.1. Combinatorial Aspect 
Analysis of complex system is facilitated by decomposition into functional entities consisting of subsystems or units 
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and by the application of combinatorial considering and network modeling techniques. Here the object function  rC  is to minimize cost and the object function  rR  is to maximize. The constraints (2) and (3) must satisfy the 
constraints of reliability. The reliability functions of a system formed by simple series and parallel components can 
be determined easily as follows:- 
Case 1: The simple series system 
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Case 2: The simple parallel system 
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Case 3: The parallel series system 
    
r11 r12 r1n
r21 r22 r2n
rm1 rm2 rmn  
The reliability functions of this system is    
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Case 4: The series parallel system 
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The reliability functions of this system is    
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2.2. Assumptions 
(a) Each component (path) of the network has two mutually exclusive states: working (1) and failed (0). 
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(b) Each component (node) of the network has perfectly operative or reliable. 
(c) The component states are s-independent. 
(d) The network is connected, and free of self-loop. 
2.3. Preliminaries 
Reliability: Reliability  rR  is the probability that the system will operate successfully under the stated conditions 
for a stated duration of time. 
There are many available methods for evaluation of system reliability by analyzing the block diagram of the system. 
The two methods describe here are the cut set method and path set method. 
Cut Set: A cut set is the set of system components which, when all fail, cause the system failure. 
Minimal Cut Set: The minimal subset of these cut set are known minimal cut set, in which the system fails iff all 
components of one of the minimal cut set fail.  
Path Set:  A path set is the set of system components which when all perform, cause the system to perform. 
Minimal Path Set: The minimal subset of these path set are known minimal path set.  
MTTF:  Calculate the MTTF to know number of components failure to get the system failure. This is defined by 
  ³f 
0
)( dttRMTTF  
2.4. Introduction to PSO 
Biological behavior has inspired researchers to adapt the natures in computing, their work is not mature enough, but 
it is pushing technology to its most interesting limits. 
Genetic Programming (GP): 
In an implementation of evolution programming, where the problem-solving domain is modeled on computer and 
the algorithm attempts to find a solution by the process of simulated evaluation, employing the biological theory of 
genetics and the Darwinian principle of survival of the fittest. G.P is distinct from other techniques because of its 
tree representation and manipulation of all solutions. 
Particle Swarm Optimization (PSO): 
 
 
 
   
 
   
 
 
     
 
 
 
 
 
 
 
 
 
 
                                     
 
              
 
 
                                               Fig 1. Flow chart for PSO 
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Similarly to GA, PSO is a population based technique, inspired by the social behavior of individuals (or particle) 
inside swarms in nature (eg flocks of birds or schools of fish). PSO is first proposed by Kennedy and Eberhart 
(1995). In addition PSO is a collection of Particles or agents swarm through an N-dimensional space. The rules for 
how the particle move through the space and based on simple natural flocking rules that cause the particles to bit 
around the best-found solution in the hope of finding a better one. So particles will usually looking forward for the 
best optimum solution. PSO is a simple algorithm as well as fast, effective, and can be used in many types of 
optimization problems, which is describe below as per Dr. Kennedy and Dr. Eberhart (1995): 
The PSO algorithm consists of just four steps, which are repeated until some stopping condition is met 
1. Population is initialized by assigning random position and velocities 
2. The fitness of each particle is evaluated. 
3. Individual and global best fitness and positions are updated as  
            )()]1([),()1( ,,, txtxfiftxtx ibestiibestibest
 ²   
      )()]1([),1()1( ,, txtxfiftxtx ibestiiibest
 d     
     1],,...,2,1[,)}(min{)( , ²  nandniwheretxtg ibestbest      
4. The velocity and position of each particle is updated. 
The first three steps are fairly trivial. Fitness evaluation is conducted by supplying the candidate solution to the 
objective function. Individual and global best fitness and positions are updated by comparing the best fitness and 
positions as necessary. 
The velocity and position update step is responsible for the optimization ability of the PSO algorithm. The velocity 
and position of each particle in the swarm is updated using the following equations: 
1.     )]()([)]()([1 2211 txtgrctxtxrctvtv iiiii   Z  
2.  1)()1(   tvtxtx iii  
The index of the particle is represented by i. Thus  tvi  is the velocity of particle i at any time t and )(txi  is the 
position of particle i at time t.  
 
3. Algorithm of Proposed Method 
The proposed multi objective optimization method (MOOM) is explained in the following flow chart. The 
optimization is carried by PSO method. 
    
 
 
 
 
 
 
 
                                             
 
 
 
 
                              
 
                                Fig 2. Describe general optimization procedure 
1820   D.K. Biswas et al. /  Procedia Materials Science  6 ( 2014 )  1815 – 1822 
A transportation network (TN) can be modeled by a stochastic graph G=(V,E,p), in which V and E correspond to 
nodes (places) and paths, respectively. Consider a network G(V,E) with node set V and link set E. Let ijx  denote the 
state of link (i, j) such that 
 1 ijx if link (i, j) is operative with probability ijp  
      0 with probability ijp1 , otherwise. 
 The probability of observing a particular network state X={ ijx  :(i, j) אE} is given as 
  

 
Eji
ijijij pxpXP
),(
)]12(1[)(  
Then, the all-terminal reliability of a network is given as follows: 
  ¦) 
X
XPXrR )()()(  
Where, the structure function [http://en.wikipedia.org/wiki/Kolmogorov_structure_function], )(X) for all-terminal 
reliability maps a given state vector X on the state of the network as follows:  
)(X)  network are connected to each other in state X 
          =0 otherwise 
The optimization problem is: 
                            Minimize:   ¦¦
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Computing the exact reliability is known to be an NP-hard problem and requires substantial computational effort 
even for small size networks. Therefore, simulation and other approximation techniques are frequently used to 
estimate network reliability. 

Fitness: The PSO algorithm attempts to find the minimum cost of transportation network (TN) which meets or 
exceeds pre-specified network reliability, R(r). The PSO is constructed so that it may consider infeasible network 
architectures which are penalized.  
 
In this paper, the proposed PSO method has been applied to solve the topology network design problem considering 
both economics and reliability. The PSO algorithm shows superior features such as high-quality solution, stable 
convergence characteristic and good computation efficiency. The studied results confirm that the proposed PSO are 
indeed capable of obtaining higher quality solution, convergence characteristic and computation efficiency 
compared with GA, PSO methods. 
   
PSO is one of the most recent stochastic methods developed for solving optimization problems. The current study 
investigates in PSO design, and the performance of the proposed PSO is compared with PSO-CA, PSO-CO, and 
other results presented in literature for two cases studies including discrete and continuous decision variables in 
reliability engineering field. Simulation results presented in Tables --- reveal that PSO-GC scheme presented 
improvements upon the effectiveness and efficiency and also obtained a good trade-off between exploitation in 
Gaussian distribution and exploration by chaotic sequences. The PSO was demonstrated to be a promising and 
viable tool to solve reliability–redundancy optimization problems. Furthermore, a number of improvements and 
extensions are currently being investigated by the author related to benchmark problems in reliability engineering 
field. 
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4. Illustrations 
     
 
 
 
 
 
 
 
 
 
                
 
                        Fig 3. Describe a Typical Network 
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Table1. Shows the values for Connectivity )( ijx , probability )( ijp , cost )( ijc  and reliability )( ijr  
 12x  13x  14x  15x  23x  24x  25x  34x  35x  45x  
ijx  1 1 0 1 1 0 1 1 0 1 
ijr  .67 .74 .67 .75 .98 .78 .85 .69 .78 .96 
ijc  5 4 7 9 6 7 8 5 7 9 
ijp  .56 .76 .45 .67 .78 .89 .96 .56 .78 .87 
ij
cr  .66 ..69 .79 .74 .97 .79 .84 .65 .89 .95 
   
The constrain of lower bound of the system reliability, cR =0.56                    
The system reliability  rR and system cost  rC are calculated as follows: 
 
                      Table2. Shows the values for system reliability, )(rR   
The possible network cR  Reliability, )(rR  Selected path Remarks 
1-5 0.56 )(rR =0.75 Y Series 
1-2-5 0.56 )(rR =.67X.85=0.57 Y Series 
1-2-3-5 0.56 )(rR =.67X.98X.78=0.51 N Series 
1-2-3-4-5 0.56 )(rR =.67X.98X.69X.96=0.43 N Series 
1-3-4-5 0.56 )(rR =.74X.69X.96=0.49 N Series 
1-3-2-5 0.56 )(rR =.74X.98X.85=0.62 Y Series 
 
The minimum cost is   57 rC .  
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5. Conclusion 
The exact evaluation of the all-terminal reliability network parameter is in general a very costly task since it is a NP-
hard problem. An alternative approach to the exact evaluation of cost and reliability is by MOOM and to perform 
estimations by means of PSO methods. In the case of highly reliable networks, the standard PSO technique is also 
prohibitively expensive and variance-reduction techniques must be used. We propose here a PSO scheme 
specifically designed in this context. Simulation results are given for a well known test topology. The speedups 
obtained by the proposed method with respect to standard PSO are calculated for different link failure probabilities, 
showing that the main interest of the method lies in its application to highly reliable networks, where a substantial 
variance-reduction with respect to standard Monte Carlo may be attained. 
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